Abstract. UBV photoelectric photometry for 175 stars in the field of the southern open cluster NGC 2323, supplemented by DDO photometry of 5 probable giants, is presented. The analysis of the photometric data yields 109 probable members; one of them being a red giant, and 3 possible members. The reddening across the cluster is slightly variable and the mean value E(B − V ) = 0.25. The apparent cluster distance modulus is 10.62, corresponding to a distance of 940 pc. The age, determined by fitting isochrones with core overshooting, turns out to be 100 ± 20 Myr. Other fundamental cluster parameters are also determined. NGC 2323 appears not to be physically connected to the CMa OB1 association.
Introduction
The study of open clusters located in the direction of stellar associations and/or extended gas regions is of great interest in different astrophysical aspects. By analysing clusters physically connected with them it is possible to investigate the internal and environmental conditions during the star formation processes (see, e.g., Caillault 1994; Shaoguang 1995; Henning et al. 1995) . The information that could be obtained about the structure, spatial mass distribution, and initial luminosity function of these clusters, constitutes an important tool to the knowledge of what happened since their births until the present (Massey et al. 1995; Murray & Lin 1996) . On the other Send offprint requests to: J.J. Clariá, e-mail: claria@oac.uncor.edu Based on observations made at Cerro Tololo InterAmerican Observatory (Chile) and at Las Campanas Observatory (Chile). Tables 1 and 2 are only available in electronic form at the CDS via anonymous ftp to cdsarc.u-strasbg.fr (130.79.128.5) or via http://cdsweb.u-strasbg.fr/Abstract.html hand, if the clusters are not connected with stellar associations -which are generally related to HII regions -one can argue about the uneffectiveness of the star formation in those zones of the galactic disk.
As part of a program dealing with the spatial distribution of O and B stars in Canis Major, Clariá (1972 Clariá ( , 1973 studied photometrically two open clusters (NGC 2335 and NGC 2343) located in the direction of the CMa OB1 association. He suggested that both clusters most likely form a double system. Their estimated distances (1050 pc and 960 pc, respectively) and the one of 1150 pc derived by Clariá (1974b) for CMa OB1 suggest a possible physical relation between the clusters and CMa OB1. However, the ages derived for the clusters (≈ 100 Myr) make it highly improbable that these clusters and the association could have been originated from the same protostellar material.
NGC 2323 l = 221.7 o , b = −1.3 o ), located nearly at the edge of CMa OB1, could be another candidate belonging to the association. This cluster was studied by several authors using photographic photometry (see, e.g., Cuffey 1941; Hoag et al. 1961; Mostafa et al. 1983) , who placed it between 520 pc (Rieke 1935 ) and 1170 pc (Hoag et al. 1961 ) from the sun. Although the age of NGC 2323 was determined by Barbaro et al. (1969) and Mostafa et al. (1983) , there is no agreement between both estimations. In fact, the former derived an age of (6 ± 1) 10 7 yr, whereas the latter obtained 1.4 10 8 yr.
In order to perform a better determination of the cluster parameters as well as to clarify the probable connection of NGC 2323 to CMa OB1, we have carried out UBV photoelectric photometry in the cluster field. Five probable red giants were also observed in the DDO system to evaluate cluster membership and to derive reddening and metal content. In Sect. 2 we describe the observations and the data reduction. The analysis of the UBV and DDO photometric data is presented in Sects. 3 and 4. In Sects. 5 and 6 we derive age and discuss the cluster luminosity function. Finally, in Sect. 7 we analyze the possible connection of NGC 2323 to CMa OB1. The principal results of the present study are summarized in Table 6 . 
Observations and reductions
UBV photoelectric observations of a total of 175 stars in the field of NGC 2323 were collected with the University of Toronto's 0.6 m telescope at Las Campanas Observatory (LCO) and with the Cerro Tololo InterAmerican Observatory (CTIO) 0.9-m telescope, over a large number of photometric nights from March 1984 to February 1987. Dry-ice cooled RCA 1P21 and Ga-As RCA 31034 phototubes in single channel photometers with pulse-counting electronics were used for all observations at LCO and CTIO, respectively. Mean extinction coefficients at both observatories were employed and nightly observations of about 13-17 standard stars taken from the lists of Cousins (1973 Cousins ( , 1974 , Landolt (1973) and Graham (1982) were used to transform instrumental magnitudes into the UBV standard system. External and internal mean errors are nearly similar to those in previous papers (e.g., Clariá et al. 1991) . Typically σV ≤ 0.014 mag, σB − V ≤ 0.010 mag and σU − B ≤ 0.017 mag for V < 12 mag, increasing to 0.018, 0.022 and 0.027 for V > 12 mag, respectively. Table 1 lists V magnitudes, U − B and B − V colours, and the number of measurements performed in each filter for all the stars numbered in Fig. 1 , while Table 2 includes the correlation of identifications with other authors.
We compare our photoelectric photometry with the most extensive and recent photographic survey carried out by Mostafa et al. (1983) . As can be seen in Fig. 2 , there is no colour dependence between the magnitude scales, an appreciable scatter being the principal feature. The resulting mean differences (in the sense Mostafa et al. minus this study) for a total of 66 stars in common are −0.005±0.239, −0.029 ± 0.138 and 0.025 ± 0.112 for the U , B and V magnitudes, respectively.
In addition, observations of five stars in the DDO system were carried out with the purpose of obtaining additional information about their reddening, probable membership, luminosity class, and metal content. These measurements were made in April 1985 using the CTIO 0.9-m telescope with an S − 20 photomultiplier. The transformation to the DDO standard system was done by nightly observing between 12 to 16 standards from the list of McClure (1976) . All the measurements were performed with a single-channel photometer and pulse counting electronics. The resulting external mean errors in the DDO colours were found to be about or slightly smaller than 0.01 mag. In Table 3 we list the DDO colours obtained for each star and the number n of individual observations.
UBV analysis

Membership criteria
Figures 3 and 4 show the two colour-magnitude (CM) diagrams for all the measured stars, wherein the solid line represents the zero age main sequence (ZAMS) taken from Schmidt-Kaler (1982) . Both CM diagrams reveal the presence of a reasonably broad and slightly evolved main sequence (MS), typical of an early intermediate-age open cluster. The MS extends over a range of nearly 6 magnitudes, with the faintest stars at V ≈ 14.5 mag. The CM diagrams also show field star contamination beyond the MS and at the red giants colour range.
Figures 5 and 6 are the colour-colour (CC) diagrams for stars with (B − V ) smaller and greater than 1.0 mag, respectively. In particular, the star distribution in Fig. 5 suggests the existence of variable absorption across the cluster field.
Membership in NGC 2323 has been determined by examining the positions of the individual stars in the CM and CC diagrams. Except for the red giants, cluster members were selected following the criteria described by Clariá & Lapasset (1986) , namely by requiring the location of the star in both CM diagrams to correspond to the same evolutionary stage and that the location of the star in the CC diagram be close to the MS, the maximun departure accepted being 0.10 mag. Stars classified as probable members (m), possible members (pm) and non members (nm), are represented by filled circles, filled triangles and open circles in Figs. 3 to 6, respectively. Table 1 also includes the membership status assigned to each star. 
Foreground reddening
The reddening of NGC 2323 was determined from the brightest cluster members. According to Fig. 5 , all member stars with (U − B) < −0.49(B − V ) + 0.19 are very likely earlier than the spectral type A2. Individual E(B − V ) and E(U − B) colour excesses were derived for these stars from Eqs. (2) and (8) of García et al. (1988) . The values of E(B − V ) and E(U − B) for individual stars are listed in Table 4 . The measured full width of the observed CC diagram from these stars is
which is larger than 0.11, the lower limit estimated by Burki (1975) for clusters with differential reddening. We conclude that the reddening across NGC 2323 is nonuniform. The mean values and standard deviations from 43 stars of Table 4 are: < E(B − V ) >= 0.252 ± 0.054, < E(U − B) >= 0.178 ± 0.038, which have been used in subsequent discussions. The resulting total visual absorption in front of the cluster is then 0.76 mag, assuming that A v /E(B − V ) = 3.0 (Clariá 1974) . The spatial correlation of reddening with position is shown in Fig. 7 . Contrary to the north-south variation of reddening suggested by Schneider (1987) from Stromgrëm photometry of 10 stars, the interstellar material in front of NGC 2323 appears to be distributed following an irregular pattern. However, the mean E(B − V ) colour excess derived by Schneider agrees very well with our estimation. Other reddening determinations by different authors are also within the range 0.17 − 0.33 mag. (e.g., Becker & Fenkart 1971; Mostafa et al. 1983) , which are the lower and upper limits of the reddening distribution derived in this study.
Cluster distance
The ZAMS of Schmidt-Kaler (1982) , appropiately reddened, can be fitted to the observed cluster sequence in the two CM diagrams by assuming an apparent distance modulus V − M v = 10.62. The resulting true distance modulus is then V 0 − M v = 9.86, which corresponds to a distance of 940 pc from the sun and 21 pc below the galactic plane.
The uncertainty in E(B − V ) is about 0.05 mag and the error in the fitting to the ZAMS is estimated to be 0.15 mag. Taking these uncertainties into account, we find that the cluster distance may be increased or decreased by about 10%.
There can be little doubt that some earlier distances of this cluster (e.g., Collinder 1931, 675 pc; Rieke 1935, 520 pc; Barkhatova 1950, 740 pc; Hoag et al. 1961 , 1170 pc) were either over-or underestimated. However, we found a reasonable agreement with the estimations by Cuffey (1941) and Mostafa et al. (1983) , who derived 910 pc and 995 pc, respectively.
Cluster diameter
To estimate the extent of NGC 2323, star counts in 2. 5 wide concentric circles around the cluster center adopted by Hoag et al. (1961) have been made. Numbers of stars per square arcmin as a function of the distance from the cluster center were counted to limiting magnitudes of V = 10, 11, 12, 13, 15 and ∼ 17 (plate limit), the errors being estimated on the basis of Poisson statistics. The results for the counts down to V = 10 and for the V ranges: 10 − 11, 11 − 12, 12 − 13 and 13 − 15 are shown in Fig. 8 . The following conclusions may be drawn from the star counts: (1) The star distribution for the different V intervals seems to be very similar, suggesting that the cluster has not suffered appreciable mass segregation effects. This is not the case, however, for the range V = 13 − 15 due to incompleteness of the data. (2) Cluster members are clearly concentrated in the central region within a radius of (10 ± 1) arcmin, which has been adopted for NGC 2323. (3) The adopted angular radius leads to a linear diameter of 5.46 pc, so that the minimum stellar density amounts to 1.28 stars pc −3 .
DDO analysis
The two CM diagrams of NGC 2323 reveal a relatively extensive and well-defined MS with the turn-off point in the late-B-star range and five yellow or red stars (see Table 3 ) which could be giant cluster members. The best method for separating red field stars from the physical members of the cluster is probably on the basis of proper motions and/or radial velocities, but these data are not available for NGC 2323. The selection process for red cluster members, however, can be performed by applying two photometric criteria (denoted A and B) described by Clariá & Lapasset (1983) , which are based on combined BV and DDO data. Before any interpretations may be made, DDO observed colours need correction for interstellar reddening. The E(B − V ) colour excesses were estimated for each star using the observed (B − V ), C(45 − 48) and C(42 − 45) colours and the iterative method described by Janes (1977). They are denoted E(B − V ) GK and listed in Col. (2) of Table 5 , while Col. (3) gives the standard deviation σ E computed using Eq. (2) of Clariá & Lapasset (1983) . Star 53 was discarded in the following analysis because it falls outside Janes's (1977) calibration. The unreddened DDO colours were then obtained from E(B − V ) GK and the reddening ratios given by McClure (1976) . It is well known that the intrinsic C 0 (41 − 42) index of the DDO photometry measures the strength of the λ4216 band of cyanogen of G and K stars, so that the larger the index the greater the absorption by this band. We have computed the DDO cyanogen strength, ∆CN , for the stars of Table 5 by applying the procedure described by Piatti et al. (1993) . By using Eq. (8) of Piatti et al. (1993) individual iron-to-hydrogen ratios were derived, which were in turn utilized to correct the intrinsic DDO colours for blanketing effects. The derived normal colours allowed us to assign MK spectral types to the stars using the calibration of Clariá et al. (1994) . The derived MK spectral types are listed in Col. (4) of Table 5 .
To discern whether or not a red star is a giant member, we applied the photometric criteria (A) and (B) proposed by Clariá & Lapasset (1983) . To carry out this, we used the cluster reddening and distance modulus estimated in the present study. The results obtained from criterion (A) should be taken with caution because of the non-uniform reddening in the cluster field. The membership status derived from criteria (A) and (B) are presented in Cols. (5)-(6) of Table 5 . As shown, according to the above mentioned criteria, stars 38 and 42 are likely foreground field giants, while stars 12 and 121 appear to be probable cluster members. In order to clarify the membership status of these two stars, we were greatly aided by the radial velocity observations of star 121 kindly provided by J.C. Mermilliod. Over a total of 11 CORAVEL measures of star 121, he obtained a mean radial velocity of 5.76 ± 0.10 km/s, in good agreement with the cluster radial velocity (9±3 km/s) published by Harris (1976) . On the other hand, star 12 lies ∼ 1.0 mag below the isochrone of log t = 8.0 in the M v vs. (B −V ) 0 diagram (see Sect. 5), while the position of star 121 is clearly consistent with the cluster age. We then conclude that star 121 is the only giant member of NGC 2323.
Cluster age
The M v , (B − V ) 0 diagram for the probable members of NGC 2323 has been plotted in Fig. 9 . Reddening and distance corrections have been applied to the observed CM diagram, using the adopted values for the E(B −V ) colour excess and apparent distance modulus. The cluster age was estimated by fitting theoretical isochrones computed by Bertelli et al. (1994) , which include mass loss and moderate overshooting. Assuming a nearly solar metal content, we employed a set of isochrones corresponding to Y = 0.28 and Z = 0.02. Although star 121 is the only cluster member with derived metallicity ([Fe/H]DDO = −0.37), we believe that it may not be representative of the whole cluster.
In Fig. 9 we have drawn the ZAMS and the isochrones corresponding to log t = 7.7, 8.0, and 8.2 calculated by Bertelli et al. (1994) . Both, evolutionary effects along the upper MS as well as the position of the only giant member (star 121) are satisfactorily reproduced by the isochrone corresponding to log t = 8.0. So that we have adopted an age for NGC 2323 of 100 Myr. This value is intermediate between those obtained by Barbaro et al. (1969) and Mostafa et al. (1983) .
Luminosity function
The cluster luminosity function in terms of number of members in intervals of 0.5 mag width in absolute magnitude M v is shown in Fig. 10 (full histogram). For comparison, the normalized luminosity functions of NGC 2335 (dashed histogram) and NGC 2343 (dotted histogram), as taken from Clariá (1973) and Clariá (1972) , respectively, and that calculated by Taff (1974) (dashed line) from data of 62 well-studied open clusters, are also shown in Fig. 10 .
Three important features should be noticed: (1) the number of stars per bin in NGC 2323 reaches its maximum and begins to decrease near M v = 2.0. The maximum lies between the peaks of the histograms of NGC 2335 and NGC 2343. These two clusters aged 150 Myr and 110 Myr respectively (Clariá 1972 (Clariá , 1973 are located in the direction of CMa OB1 at nearly the same distance as NGC 2323. The turnover in the distribution for M v ≥ 2.0 is probably real since our cluster survey ceases to be complete for stars beyond a limiting magnitude of about V = 13.5, corresponding to M v = 2.9. (2) Although the cluster histograms and the Taff luminosity function show in general a good agreement, the slope of the luminosity function in NGC 2323 appears to be somewhat steeper than in the Taff's function. (3) The three clusters lack stars brighter than M v = −2.0.
NGC 2323 and the CMa OB1 association
NGC 2323 lies near the edge of CMa OB1 at 940 pc from the sun, i.e., scarcely nearer than the association, which is located at 1150 pc (Clariá 1974) . However, the age derived for NGC 2323 (100 Myr) is much greater than that derived by Clariá (1974) for CMa OB1 (3 Myr). Therefore, it seems very improbable that NGC 2323 and CMa OB1 originated from the same protostellar material. The actual location of NGC 2323 could be explained taking into account the motion of the cluster along the galactic disk. In fact, it is possible to estimate the full period P for the expected oscillation of NGC 2323 around the galactic plane, using the expression: P = 2π[K z /z] −1/2 , where K z is the acceleration in the gravitational field perpendicular to the galactic plane, and z is the distance from the galactic plane (see, e.g., Trumpler & Weaver, 1953, paragraph 6.37) . Adopting the acceleration K z at z = −21 pc from the computed values for the solar neighbourhood (Bahcall 1984) , then P ≈ 50 Myr. Consequently, NGC 2323 could have been formed many years before the association in a region probably different from the one it occupies now, having crossed the galactic plane four times during its lifetime. Since its formation till the present NGC 2323 could have shifted to the region of the CMA OB1 association. Table 6 summarizes the main results derived in this study.
